Background: Developmental venous anomalies (DVAs) are variations of normal transmedullary veins draining white and gray matter. In the vast majority of cases, DVAs are diagnosed incidentally and should be considered as benign entities. In extremely rare circumstances, DVAs may become symptomatic due to mechanical or flow-related etiologies. Thrombosis of the collector vein of a DVA is a rare type of a flow-related complication with only 29 cases reported in the literature, the majority of which are supratentorial. Infratentorial thrombosed DVAs are thus extremely rare and the few cases reported have typically caused symptoms due to venous ischemic infarctions. Summary: We report a case of an infratentorial DVA with a thrombosed drainage vein in a patient with nonhemorrhagic, noninfarcted venous congestive edema, which was successfully treated with high-dose glucocorticoids and short-term anticoagulation. We review the pertinent venous anatomy of the posterior fossa as well as the literature of symptomatic infratentorial thrombosed DVAs. Key Message: The presented case of an infratentorial thrombosed DVA with cerebellar and pontine venous congestive edema is extremely rare. A working knowledge of posterior fossa venous anatomy and possible pathomechanisms responsible for the rarely symptomatic lesion will aid in the timely and efficacious treatment of such lesions.
Introduction
Developmental venous anomalies (DVAs) are variants of habitual transmedullary veins that provide normal drainage of brain parenchyma. Once believed to pose a high risk for hemorrhage, pseudotumoral symptoms and seizures, DVAs are now considered to be predominantly asymptomatic, and are a frequent incidental finding on radiological and autopsy series [1] . DVAs are most often located supratentorially, with only 14-29% occurring in the cerebellum, and just 5% involving the brainstem [2, 3] .
Symptomatic cases represent a rare subset of DVAs and patients may present with headaches, seizures, focal neurological deficits, dizziness and ataxia [1, 2] . Symptoms may be secondary to mechanical compression of adjacent intracranial structures (e.g., hydrocephalus or nerve compression) or flow-related pathomechanisms, such as restriction of the venous outflow [4] .
Symptomatic outflow restriction of a DVA can be caused by stenosis or thrombosis of the collection system [2] . Drainage vein thrombosis of a DVA is rare, and only 29 cases of symptomatic thrombosed DVAs have been reported in the literature. Of these 29 cases, only 8 have been infratentorial [1] [2] [3] [5] [6] [7] [8] [9] , and only 1 of those cases was due to venous congestion without subsequent venous infarction or hemorrhage ( table 1 ) . Thus, to the best of our knowledge, we present only the second case of an infratentorial thrombosed DVA causing venous congestive edema without concurrent infarction or hemorrhage.
Case Presentation
A 53-year-old woman with a history of spina bifida presented to the emergency department with 3 days of headache, nausea, vomiting, and impaired ambulation. The patient also complained of vertigo that was exacerbated by lateral head movements. Her vital signs were all within normal ranges. On physical exam, she demonstrated left upper extremity dysmetria and an ataxic gait. The remainder of the exam was Noncontrast computed tomography (CT) of the head showed no acute hemorrhage or hydrocephalus, though a hyperdense curvilinear structure was identified in the left cerebellopontine angle cistern ( fig. 1 a) for which magnetic resonance imaging (MRI) was recommended. MRI of the brain showed abnormal T2 signal in the dorsal pons extending caudally to the left brachium pontis, inferomedial left cerebellar hemisphere and dorsal medulla ( fig. 1 c, d ). There was no restricted diffusion on diffusion-weighted images, nor was there parenchymal hypointensity on gradient echo T2 * -weighted images to suggest acute or chronic hemorrhage. Axial 3D SWAN images ( fig. 1 b) showed small tubular structures within the dorsal pons and inferior left cerebellum converging on a hypointense curvilinear structure traversing the inferior left brachium pontis consistent with intraluminal thrombus (intracellular methemoglobin). Gadoliniumenhanced T1-weighted fat-saturated images showed 'caput medusae' enhancement of the left cerebellar medullary veins, as well as nonenhancement of a segment of the collector vein ( fig. 1 e, f) . No other vascular malformations were identified. The differential diagnosis included arteriovenous malformation (AVM), dural arteriovenous (AV) fistula with thrombosis, or thrombosed developmental venous anomaly causing venous congestive edema. Diagnostic cerebral angiogram confirmed the presence of a DVA ( fig. 2 a) , while conforming the intraluminal thrombus ( fig. 2 b) and excluding both AVM and dural AV fistula. 
Discussion
DVAs are variations of normal transmedullary veins draining white and gray matter, and have a reported incidence between 0.7 and 2.6% [8, 10, 11] . They are characterized by a network of thin-walled, dilated transmedullary veins draining into a large collector vein, which lacks a smooth muscle layer and elastic lamina [2, 8] . Transmedullary and collector veins of the DVA can involve any portion of the forebrain, midbrain, or hindbrain. Classification is based on the drainage pattern of the collector vein, which may empty into the deep subependymal veins and/or vein of Galen, the superficial subcortical veins, or both.
DVAs are often incidentally identified by curvilinear enhancement of the venous collector on contrast-enhanced CT. In the present case, a curvilinear hyperdensity on the initial noncon- trast CT scan identified the thrombosed collector vein. The standard imaging modality for DVAs is MRI. Restricted flow through the DVA results in a flow void on T1-and T2-weighted images; thus, administration of gadolinium is necessary for enhancement of the medullary veins and visualization of the drainage route of the venous collector. Classical angiographic appearance is that of a 'caput medusa' appearance of transmedullary veins during the early to middle venous phase, draining into a large venous collector, which can extend to either the superficial or deep venous system [2] . Diagnostic cerebral angiography is usually unnecessary but can add to the understanding of the hemodynamics of the DVA, potential ruptured points, venous stenosis, and other associated pathologies such as dural AV shunts or AVM. In the present case, angiography was instrumental in confirming the diagnosis of thrombosed DVA, as well as excluding the possibility of an AVM or dural AV shunt.
In the vast majority of cases, DVAs are considered benign entities [8] . Under rare circumstances, they can cause symptoms such as headaches, seizures, focal neurological deficits, and dizziness for supratentorial lesions and gait disturbances and ataxia for infratentorial lesions [1, 2] . Pereira et al. [2] reviewed all possible pathomechanisms of symptomatic DVAs, which are divided into mechanical and flow-related causes. Flow-related complications may result from increased inflow into the DVA (due to an AV shunt using the DVA as the drainage route) or decreased outflow of venous drainage. Outflow restriction may be due to an anatomic obstacle (stenosis or thrombosis of the DVA drainage, as in our case) or by a 'functional' obstacle due to a distant shunt/AVM overloading the venous system and hindering normal DVA drainage due to venous hypertension [2] .
Drainage vein thrombosis of a DVA is rare, and only 28 patients with 29 cases of symptomatic thrombosed DVAs have been reported in the literature [1] [2] [3] [4] [5] [6] [7] [8] [9] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . These patients had a variety of presentations including venous ischemic infarction (n = 16, 55%), parenchymal hemorrhage (n = 8, 28%), venous congestive edema (n = 3, 10%), or subarachnoid hemorrhage (n = 2, 7%). Of these 29 cases, only 8 have been infratentorial [1] [2] [3] [5] [6] [7] [8] [9] , and only 1 of those cases was due to venous congestion without subsequent venous infarction or hemorrhage ( table 1 ) . Thus, to the best of our knowledge, we present only the second case of an infratentorial thrombosed DVA causing venous congestive edema without concurrent infarction or hemorrhage.
Approximately two thirds of DVAs are supratentorial in location, and one third are located in the cerebellum and in the brainstem [1] . Thus a detailed knowledge of the venous anatomy of the posterior fossa is vital in understanding the pathomechanisms responsible for symptomatic infratentorial lesions. According to Lasjaunias et al. [29] , the draining vessels of DVAs are preformed veins enlarged by additional blood flow. Lasjaunias et al. [30] describe the five common normal venular convergence patterns in the posterior fossa (precentral vein, vermian veins, cerebellar veins, petrosal vein confluence, transpontine vein). The metencephalon is drained by the petrosal vein, which is in turn primarily drained by the superior petrosal sinus. The collector vein of DVAs within the posterior fossa typically drains to a transpontine vein, precentral veins, the longitudinal intrategmental vein, or veins of the lateral recess of the fourth ventricle [1, 5] . Kutscher et al. [31] shows that the petrosal vein confluent/ posterolateral recess convergence pattern is the most common of the five drainage patterns of posterior fossa DVAs described by Lasjaunias et al. [31] . Our patient demonstrated a DVA with a drainage pattern involving the petrosal vein confluent which opened into the vein of the lateral recess and subsequently the superior petrosal sinus. Thrombosis of this metencephalonic collection system subsequently caused venous congestive edema of the pons and the involved cerebellum.
Our patient was fortunate enough to be an extremely rare case of an infratentorial thrombosed DVA which did not progress to infarct or hemorrhage, either of which could have had devastating consequences given the location of pathology. Possible explanations for this lack of progression may be due to the patient's anatomic redundancy of venous drainage of the left side of the pons, brachium pontis and cerebellum, which limited the severity of venous congestion. It is also possible that treatment was initiated early enough to prevent subsequent impending infarction and/or hemorrhage, which would underlie the importance of early diagnosis.
The absence of a smooth muscle layer and elastic lamina of DVA collector veins limits capacity for regulation and adaptation, which may result in hemodynamic disturbances predisposing DVAs to thrombosis [9] . Anatomic restriction of DVA outflow can produce a variety of presentations including venous congestive edema, hemorrhagic or venous infarction, similar to sinus and cortical venous thrombosis. Accordingly, many authors recommended that thrombosed DVAs be approached with the same workup and treatment regimen as cerebral venous thrombosis (CVT) [2, 32] . Although treatment with glucocorticoids may not be indicated in CVT, especially in the absence of parenchymal lesions, glucocorticoids are effective in reducing vasogenic edema [33] . Indeed, our patient's symptoms responded quickly to high-dose glucocorticoids within only a few days.
Treatment of CVT also involves the use of anticoagulation in order to prevent additional thrombi, enable recanalization, and avoid further growth of the thrombus [34, 35] . Similarly, anticoagulation therapy for thrombosed DVAs has been successfully reported in several cases involving venous congestion of a DVA, and even those in which venous infarction or congestive hemorrhage has occurred [5, 9, 13, 23, 24, 27] . The decision to use anticoagulation in patients with symptomatic thrombosed DVAs must be preceded by an in-depth evaluation of additional hemorrhagic risk. The hemorrhagic risk associated with DVAs is very low, approximately 0.22-0.68% per year [36, 37] , except for DVAs in the posterior fossa or during pregnancy [1, 38] . However, in cases of hemorrhage related to DVAs, cavernous malformations are the most often encountered etiology [2, 39] . Cavernous malformations are associated with DVAs in 13-40% of cases [34, 40] . Because of this frequent association, cavernous malformations should be specifically sought for using hemosiderin or deoxyhemoglobinsensitive sequences such as SWI, proton-density or T2-weighted sequences [7, 40] . In our case, the absence of cavernous malformation and hemorrhagic risk validated the safety of anticoagulation. Indeed, after 8 weeks of anticoagulation, our patient's symptoms completely resolved and there was complete resolution of all MR imaging abnormalities.
In addition to medical management, surgery in patients with a symptomatic DVA is indicated only when the patient presents with an extensive intracerebral hematoma [1, 41] . In cases where a compressive brain hematoma or edema requires surgical management, particular care must be taken to preserve the DVA collecting vein to avoid catastrophic venous infarction [34] . Similarly, radiosurgery remains contraindicated because these DVAs drain normal brain parenchyma [1, 39] .
The presented case of an infratentorial thrombosed DVA with cerebellar and pontine venous congestive edema is extremely rare. A working knowledge of posterior fossa venous anatomy and possible pathomechansims responsible for the rarely symptomatic lesion will aid in the timely and efficacious treatment of such lesions.
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